Innovations are still necessary to support research and development in the field of renewable energy. The main research area is closely related to renewable biomass feedstock. Consequently, the objectives of this work were: (1) to investigate anaerobic biogas potential from UF whey permeate, (2) to evaluate if steel elements could enhance the performance of UASB reactors treating UF whey permeate (COD removal efficiency, phosphorus removal), and (3) to study the influence of steel elements on the biogas production rate and methane content in biogas.
Materials and methods

Fermentation medium and experimental system
Two identical Plexiglas laboratory-scale UASB reactors (R 0 and R Fe ) with a working volume of 2.05 L each, one packed with spiral elements made of steel wire with an iron content of 48% ( Fig.1 ; Table 1 ), were run in parallel at a constant mesophilic temperature of 35ºC ± 1ºC throughout a 219-day period. Four running stages were identified in term of OLR applied (Table 1 ). The OLR was increased stepwise from the initial 2.0 kg COD m -3 d -1 to finally 12.0 kg m -3 d -1 . The reactors were operated for 25 -66 days to ensure the reactors reached steady states at each stages (the steady-state conditions were evidenced when the standard deviations of COD removal efficiencies were within 3%). After the steady-state conditions were achieved, the OLR was increased to the next level. HRT at all stages was 48 h. The pH in the reactors was controlled at the level of 7.0 ±0.05 with 2 M NaOH. Table 1 . Operation regimes for the parallel UASB reactors with and without steel elements Both UASB reactors were fed with UF whey permeate from the manufacture of dairy products in Nowy Dwór Gdański, Poland. The characteristics of the wastewater used in this study is shown in Table 2 . It was received from the factory once a week, was stored at -20°C and was thawed before used. Prior to being fed into the reactor, the substrate was diluted with tap water in accordance with the required organic loading rate (OLR) to obtain wastewater COD concentrations in the average range of 4 -24 g COD L -1 . Diluting UF whey permeate was maintained at a temperature 4°C until used. The reactors were not supplemented with trace elements.
Parameters
Range of values Total COD (g L Table 2 . Chemical characteristics of wastewater used
The seeding inoculum was taken from a laboratory mesophilic reactor treating synthetic dairy wastewater. Each UASB reactor was seeded up to biomass content of 70 g total suspended solids -TSS L -1 at a ratio of 20% (by volume). During startup the reactors were operated at an OLR of 1.0 kg COD m -3 d -1 and at a HRT of 48 h for 44 days. During the reactors operation, biogas production and composition (CH 4 and CO 2 ), total COD, total phosphorus -TP, phosphate, soluble iron concentration and pH in the effluent were measured three times a week. After the operation time of 219 days, sludge samples from both UASB reactors were collected for the determination of TSS content, TP and total iron contents. The measurement of the pH was done using an Hanna Instruments pehameter model HI 9107. Biogas production from the UASB reactors was recorded by a water displacement meter, while biogas composition was analyzed by an electronic analyzer (LMSxi/G4.18, Gas Data Ltd.). All selected reactors performance parameters were analyzed with Fisher F-tests using Statistica 7.1 software (Statsoft Inc.). Differences were considered statistically significant if the 95% confidence interval of the mean of the parameters did not overlap.
Analytical methods
All
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Results and discussion
The COD removal efficiency, TP removal efficiency, biogas production and composition were markedly influenced by using steel elements as an additional medium in the UASB reaction chamber.
During Stage 1, both UASB reactors reached the steady-state after 25 days of operation. No statistically significant differences (p>0.05) were observed between UASB reactor with steel elements (R Fe ) and UASB reactor without steel elements (R 0 ) in term of the average COD removal efficiency and biogas production rate ( Fig. 2; 3) . Nevertheless, R Fe indicated higher (p<0.05) removal efficiency in phosphate (86.2%) and TP (81.2%) than R 0 in which the analyzed values were 1.8% and 22.8%, respectively (Fig. 3) . CH 4 content in biogas produced in R Fe was as high as 67.1% which was higher by 11.9% than in R 0 (p<0.05). In Stage 2 and 3 both UASB reactors demonstrated a stable work, but statistically significant differences in the values of all the monitoring parameters between R 0 and R Fe were noticed (p<0.05). CH 4 content in biogas decreased to 72.3% in R Fe , in contrast to that of 64% in R 0 , and the differences between R 0 and R Fe were statistically significant (p<0.05) (Fig. 2) . It was found decrease in TP removal efficiency in R Fe and R 0 to 72.2 and 10.1%(p<0.05), respectively. According to this, the phosphate removal efficiencies decreased, too (Fig. 3) . COD removal efficiency was lower than in Stage 3 and achieved 88.8% in R Fe and 71.8% in R 0 , p<0.05 (Fig. 3) . The study demonstrated that the COD removal efficiency was markedly influenced by using steel elements as an additional medium of the UASB reactor. Iron ions generated from the steel elements must have acted as coagulants and were involved in the removal of suspended organic matter. After the operation time of 219 days, sludge samples from both UASB reactors were collected for the determination of TSS, which was higher by 52.1% in R Fe than in R 0 . Moreover, ferrous ions in wastewater could react to form hydroxides which were the sorption areas for suspended organic matter. Additional sorption areas were made by steel elements surface. Enhancement of COD removal efficiency by zero-valent iron processes were reported by Jeon et al. (2003) and Lai et al. (2007) . Vlyssides et al. (2009) showed that the addition of ferrous ions in the form of ferrous chloride solution (2% w/v) induced a stable and excellent COD removal efficiency from synthetic milk wastewater, regardless of the increasing in OLR. When the OLR was as high as 10 g COD L -1 d -1 , the COD removal efficiency of 98% was achieved.
Anaerobic steel media corrosion significantly improved TP and phosphate removal from UF whey permeate, but the removal efficiency was affected by the duration of experiment because of deterioration of steel media. reacted with ferrous iron to probably form insoluble vivianite precipitated in the reaction chamber. It can be confirmed by significant increasing of TSS (by 52.1% in R Fe ) and the accumulative iron ions and phosphorus content detected in the anaerobic granular sludge in R Fe at the end of the experimental period. The TP and total iron percentage in the dry matter was 0.314 and 0.0981, respectively, in R Fe and 0.019 and 0.0129, respectively, in R 0 . This results confirmed the anaerobic microbial corrosion occurred in R Fe . Choung & Jeon (2000) and Jeon et al. (2003) obtained similar trends for domestic wastewater treatment under anaerobic conditions. Moreover, the colour of anaerobic sludge granules from R Fe was black, while from R 0 was grey with white conglomerates (Fig. 4) . It indicates that the presence of iron determine the colour of granules. The black colour of granules is due to the formation of large amounts of iron sulphide precipitate (Vlyssides et al., 2009) . It was seen that the granule diameter in the sludge bed in R Fe was smaller than in R 0 . It was different from the data reported by Vlyssides et al. (2009) , who observed a considerable increase of 40% in the mean granule diameter resulted in iron accumulation in granules. During the experimental period high iron concentrations in the R Fe effluent were observed. During Stage 1, the highest content of iron was noticed (20.1 mg L -1 ) and it was consequently decreased to 19.2, 15.8, 14 .2 mg L -1 in Stage 2, 3, 4, respectively. The decrease of the total iron in the effluent from the UASB reactor packed with steel elements can indicate the formation of a protective layer on the steel surface. According to Volkland et al. (2001) under certain conditions the vivianite could act as a corrosion-inhibiting layer. Moreover, biofilm-forming bacteria can protect steel from corrosion. With a dense suspension of microorganisms (> 10 9 cells mL -1 ) they can protect the steel surface by forming a corrosion-inhibiting layer in consequence of bacterial adsorption and adhesion (Volkland et al., 2001; Yu et al., 2000) . Microbial corrosion and the formation of iron precipitates deteriorate the reactive media of steel elements (Karri et al., 2005) . It could explain the gradual decrease in phosphorus and TP removal with the duration of the experiment.
Biogas production rate and CH 4 content in biogas were higher in R Fe than in R 0 in all stages (except Stage 1 where the differences in biogas production between R Fe and R 0 were not statistically significant). According to Karri et al. (2005) zero valent iron was an electron donor for methanogenesis. It suggested that microbial corrosion of steel elements supported methanogenesis which contributed to the more CH 4 and biogas production in R Fe . Iron may www.intechopen.com
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play an important role in granulation phenomena and was found to be a component of essential enzymes that carry out numerous anaerobic reactions (Vlyssides et al., 2009; Yu et al., 2000) . The conversion of COD to biogas components and bacterial growth may be limited at iron deficient concentrations. However, the accumulation of iron ions may decrease the specific activity of the bacterial groups, including methanogens (Yu et al., 2000) . It was reported that high Fe 2+ concentration in the anaerobic sludge granules led to decrease of the specific activity of biomass due to the presence of a large amount of minerals deposited within the granules, a significant decrease in the water content in granules, and the possible toxicity of high-concentration Fe 2+ accumulated inside the granules (Yu et al., 2000) . During the experiment, biogas production rate was not decreased from Stage 1 to 4, which could indicate that the activity of methanogenic bacteria was not inhibited by anaerobic steel corrosion process. The maximum value for biogas rate was 8. 
Conclusions
On the basis of this study, it is expected that the UASB reactors packed with steel elements may be applicable to treat UF whey permeate to produce biogas with high CH 4 content. The COD removal efficiency, biogas productivity and CH 4 content in biogas were enhanced by 11. 
Bioethanol production
Bioethanol is an alcohol made by fermenting the rich sugar components of biomass which is seen as a good fuel alternative. The use of bioethanol as a biofuel has very important advantage -it is generally CO 2 neutral. This is achieved because in the growing phase of the biomass plants, CO 2 is absorbed and then released in the same volume during combustion of the fuel (Stephenson et al., 2010) . This creates an obvious advantage over fossil fuels which only emit CO 2 as well as other poisonous gasses. Bioethanol can be used as a fuel for transport in its pure form, but it is usually used as a gasoline additive to increase its octane rating and improve vehicle efficiency (Balat & Balat, 2009 ).
Nowadays, the bioethanol market has continued to grow rapidly, for example, from about 46 billion L of ethanol produced worldwide in 2007 to the expected value of 100 billion L in 2015 (Balat & Balat, 2009; Sarkar et al., 2012) . The USA is the world leader in the production of bioethanol with 48 billion L in 2009 (Muthaiyan & Ricke, 2010) , followed by Brazil with 27,0 billion L in 2009 (Soccol et al., 2010) which determined 62% of the worldwide production (Sarkar et al., 2012) . In the USA, bioethanol is mainly used as a 10% petrol additive (E10 is the standard petrol fuel, in 2011 introduced E15). In Brazil, it is offered both as a pure fuel (E100) and is blended with conventional petrol with a content of 20 to 25% (E20, E25). In Europe, with the adoption of the Biofuel Directive 2003/30/EC in 2003, the framework conditions were especially created for European bioethanol production. Today France is a leading producer of bioethanol, then Germany, Spain, Sweden and Dutch are the significant producers in Europe (Gnansounou, 2010) . Current large scale production of fuel ethanol is mainly based on sugarcane (Brasil), corn (the USA), sugar beet and wheat (Europe), (Balat & Balat, 2009 ). The recent rise in the prices of food ethanol biomass has shifted in focus towards a possibility of deriving fuel ethanol from any type of biomass, especially cellulosic biomass (corn or wheat straw, sugarcane bagasse, wood, grass) and food waste biomass (organic waste and wastewater from food processing industries) (Sarkar et al., 2012; Soccol et al., 2010) .
According to the literature, cheese whey could be a suitable substrate for bioethanol production (Kourkoutas et al., 2002; Zafar & Owais, 2006) . Lewandowska & Kujawski (2007) used a solution of dried UF whey permeate as a substrate for semi-continuous ethanol fermentation. Silveira et al. (2005) fermented the solution of UF whey permeate in batch cultures. Ghaly & El-Taweel (1997) developed a kinetic model for continuous ethanol fermentation from lactose. Moreover, in 2008 there were two industrial scale whey-ethanol plants in the United States which produced 8 million gallons of fuel ethanol per year (Ling, 2008) . In New Zealand there were whey-ethanol plants with an annual production of about 5 million gallons of ethanol (Ling, 2008) . Industrial-scale plants producing bioethanol form whey permeate are operated in Ireland (de Glutz, 2009).
There are many reports of potential applications of yeast strains in ethanol production from UF whey permeate streams, but most of them focused on Kluyveromyces sp. due to its ability to directly ferment lactose (Kourkoutas et al., 2005; Ozmıhcı & Kargi, 2008; Silveira et al., 2005; ) . These yeasts generally suffer from low conversion yields (0.4 kg ethanol kg -1 lactose) and are very sensitive to product (ethanol) inhibition at concentrations as low as 20 g L -1 (de Glutz, 2009 ). An alternative is to employ indirect fermentation yeasts, such as Saccharomyces cerevisiae, which show considerably better ethanol fermentation performance (0.520 kg ethanol kg -1 lactose) and much higher alcohol tolerance (100 -120 g L -1 ) (Coté et al., 2004; de Glutz, 2009 ). The disadvantage of using S. cerevisiae is the inability to directly ferment lactose. It can be solved by genetic manipulation of yeasts or facilitate the process with a simultaneous lactose hydrolysis, for example by co-immobilization of yeast cells with the enzyme (Coté et al., 2004; . Moreover, higher ethanol production could be achieved by application of different stimulation processes, improving biological activity of yeasts. Many researchers have found that ultrasonic stimulation has the function of promoting the activity of enzyme, cell growth and cell membrane permeability (Chisti, 2003; Liu et al., 2003a; Liu et al., 2007; Schläfer et al., 2000) . However, application of ultrasonic irradiation at improper intensity or period has destructive impact on cells by disrupting the cell membranes and deactivating biological molecules such as enzymes or DNA (Liu et al., 2007) .
The objectives of the studies were: (1) to investigate bioethanol production from UF whey permeate in continuous fermentation in UASB reactors by K. marxianus 499, (2) to evaluate the effects of low intensity ultrasound (20 kHz, 1 W L -1 ) for ethanol production from UF whey permeate by S. cerevisiae B4.
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Bioethanol production by Kluyveromyces marxianus
Materials and methods
Microorganisms
Kluyveromyces marxianus 499 obtained from Institute of Agricultural and Food Biotechnology Warsaw, Poland, in lyophilized form was used in all experiments. The yeast strain was cultivated on plates prepared with Wort Agar growth media from Merck Company Darmstadt (Germany) with the addition of 3% lactose using an incubator shaker under sterile conditions at pH 4.5 and a temperature 25ºC for 48 h. The yeast was aseptically transferred from the plates into 300 ml cultivation flasks containing 100 ml of Wort Agar medium from Merck Company Darmstadt (Germany) supplemented with 3% lactose, and cultivated at 25ºC for 24 h on a rotatory shaker. The yeast culture was immobilized and suspended in 2% w/v sodium alginate and then added drop-wise to 1.5% w/v CaCl 2 solution. The CaCl 2 was decanted. The beads were used for inoculation of experimental reactors.
Fermentation medium and experimental system
A solution of dried permeate from UF whey permeate from the Dairy Plant in Wolsztyn, Poland, was used as a substrate in this study. The solution was prepared by dissolving dried permeate in distilled warm water to obtain 50 g L -1 lactose concentration in wastewater, while the initial COD was 56 g L -1 .
Fermentation process was carried out in three UASB reactors with an active volume of 5 L. There were the gas-liquid-solid (G-L-S) separators on the top of each reactor. Whey permeate solution was pumped continuously to the bottom part of the reaction tank by means of the peristaltic pump. The necessary mixing was achieved through the upward wastewater flow and a stirrer operated at 40 rpm. The reactors were water-jacketed and operated at a constant temperature of 25ºC ± 1°C. The pH of mixed liquid in the reactors was controlled automatically at pH 4.76 -4.86 with 2 M NaOH.
For start-up of continuous culture, 1 L of the beads culture medium were grown at 25˚C for 24 h in a 2 L Erlenmeyer flask filled with 0.5 L of UF whey permeate after heat sterilization (120˚C, 20 min). The concentration of lactose in whey permeate was 50 g L -1 . Mixing was achieved by stirring with a magnetic stirrer at 200 rpm. The cell suspension was then aseptically transferred to each UASB reactor which was kept in batch operation for 24 h before switching on the continuous feeding. The reactors were operated at the HRTs of 12, 24 and 48 h. At each HRT the reactors were operated till they had reached the steady-state (the steady-state conditions were evidenced when the standard deviations of the ethanol concentrations and lactose concentrations in the effluent distillate were within 3%).
Analytical methods
Lactose concentrations and ethanol concentrations in the effluent distillate were determined according to Standard Methods (PN-67/A-86430; PN-A-79528-3:2007) . The biomass concentration of yeast (dry matter) was calculated according to Standard Methods (P-78/C-04541). The samples were analyzed in triplicate and results were reproducible within 3% standard deviation.
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Results and discussion
The effects of HRTs on the lactose concentration in the effluent distillate and percent lactose consumption are shown in Fig. 5 . When the HRT was 12 h, the average lactose concentration in the effluent distillate was as high as 25 g L -1 and the average lactose utilization efficiency was only 50%. Increasing the HRT from 12 to 24 h increased the average yield of lactose utilization to 85%. Further increase in the HRT from 24 to 48 h resulted in the highest lactose utilization of 95%. Similar results obtained Ghaly & El-Taweel (1997) . They observed 98% lactose utilization for continuous fermentation from cheese whey with 50 g L -1 initial lactose concentration at the HRT of 42 h using the yeast strain of Candida pseudotropicalis. Kargi & Ozmihci (2006) According to Ghaly & El-Taweel (1997) lower lactose fermentation efficiency under low HRT could be attributed to the cell washout phenomenon and the low cell numbers in the reactor chamber. To remove this problem, during this experiment, the reactors were provided with G-L-S separator and the immobilization of yeast culture was done. The immobilization process made ethanol production more efficient compared to the free system and prolonged the activity of yeast cells (Kourkoutas et al. 2004) , which is especially important in continuous fermentation processes. Moreover, the application of immobilization process reduced the risk of microbial cells infection when the yeasts were cultivated on the fermentation medium that was not sterilized before use (Lewandowska & Kujawski, 2007) .
www.intechopen.com The negative effect of longer HRT on the daily ethanol productivity could be associated with a negative effect of increasing concentration of ethanol. According to Golubev & Golubev (2004) ethanol concentration of 2 -4% produces a negative effect on the growth of Kluyveromyces. Silveira et al. (2005) observed the growth inhibition of K. marxianus when the ethanol concentration increased from 10 g L -1 to 20 g L -1 . de Gultz (2009) studied alcohol tolerance of direct whey fermenting yeasts (four strains of K. marxianus) and indirect whey fermenting yeasts (three strains of S. cerevisiae). From the results it can be seen that some strains of K. marxianus showed considerable alcohol tolerance of 71 -81 g L -1 with fermentation times ranging from 11 to 32 h , while alcohol tolerance for S. cerevisiae reached 85 -148 g L -1 with fermentation time ranging from 29 to 64 h.
Increasing in the HRT, increased the ethanol yield (g ethanol g -1 consumed lactose), (Fig. 7) . Ozmihci & Kargi (2007) stated, that biomass concentration is an important parameter affecting the ethanol formation efficiency. The volumetric rate of sugar utilization can increase with biomass concentration. They found that when the biomass concentration was 510 mg L -1 , the rate of sugar utilization was about 1580 mg L -1 h -1 at HRT of 30 h. The maximum sugar utilization rate of 2200 mg L -1 h -1 they obtained at the biomass concentration of 1020 mg L -1 and HRT of 24 h. In this study the concentration of yeast in the UASB reactors ranged from 705 to 869 mg L -1 by the duration of the experiment. The volumetric rate of sugar utilization was as high as 927, 1576, 1724 mg L -1 h -1 at HRT of 12, 24 and 48 h, respectively.
Conclusions
The utilization of whey UF permeate to ethanol in continuous fermentation is possible. Kluyveromyces marxianus was able to metabolize lactose and the total fermentation efficiency was as high as 95%. The lactose utilization and ethanol production were connected with the HRT. The maximum daily ethanol production of 8.61 g L -1 d -1 was achieved when the HRT was 24 h and the ethanol yield was 0.203 g g -1 . The results indicated that the HRT should be 24 h to obtain high rates of ethanol formation and to avoid product inhibition. Doubling the HRT to 48 h did not contribute to a noticeable increase of ethanol production and the daily ethanol production decreased to 7.73 g L -1 d -1 while the ethanol yield was 0.325 g g -1 .
Bioethanol production by Saccharomyces cerevisiae
Materials and methods
Microorganisms
The yeast Saccharomyces cerevisiae B-4 obtained from Institute of Agricultural and Food Biotechnology Warsaw, Poland, was used for assessment ultrasound exposition to ethanol production. The yeast cultures were cultivated on YPG slants (2% glucose, 2% peptone, 1% yeast extract) supplemented with 2% agar, at pH 5.0 and 30 ºC for 24 h. The active cultures www.intechopen.com
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for inoculation were prepared by growing the yeast in a 1 L baffled shake-flask containing sterile water and 100 mL YPG medium at 30 ºC for 24 h on orbital shaker table at 200 rpm to a concentration of approximately 10 8 cells mL -1 . The cultures in baffled shaken flasks of 100 mL were used to prepare the inocula. After 24 h of incubation at 30 ºC, the precultures were centrifuged at 3800 rpm for 10 min and the cells were resuspended in sterile water to obtain 10 6 cells mL -1 . Enzyme β-D-galactosidase (optimum temperature 30 ºC, optimum acidity pH 4.5-5.0, activity 8.7 AU mg -1 d.m. of the preparation), from Aspergillus oryzae manufactured by the SIGMA company (USA), was used for co-immobilization process. The amount of yeast and enzyme was 3% free cell inoculum and 4 cm 3 enzyme solution. The yeast culture was co-immobilized in the 2% (w/v) sodium alginate by dropping yeast and enzyme into 150 cm 3 0.09 mol L -1 solution of CaCl 2 with 10% glucose. The cell beads were washed with sterile water and were stored as a fermentation medium in physiological solution at 8˚C.
Fermentation medium and experimental system
UF whey permeate (non-deproteinized, non diluted and non-sterilized) with the average lactose concentration of 50 g L -1 from the Dairy Plant in Nowy Dwór Gdański, Poland, was used as a fermentation substrate (Table 2) .
Continuous fermentation was carried out in the laboratory-scale plant consisted of the two UASB reactors with a working volume of 5 L each (Fig. 8) . These two reactors were used to enable parallel test series with and without ultrasound irradiation. The fermentation medium was pumped continuously to the bottom part of the reaction tank by means of the peristaltic pumps. The necessary mixing was achieved through the upward wastewater flow. The reactors were water-jacketed and operated at a constant temperature of 30±1 ºC. The pH of mixed liquid in the reactors was controlled automatically at pH 5.1 ± 0.2 with 2 M NaOH. when the standard deviations of the ethanol and lactose concentrations in the effluent distillate were within 3%), thus 30 days of each fermentation step (step 1 -HRT of 12 h, step 2 -HRT of 24 h, step 3 -HRT of 36 h). The fresh inoculum was added to the reactors before each fermentation step and the aged one was removed.
The ultrasound irradiation of the reactor with yeasts was made by a special ring with a transducer (Intersonic S.C. Poland) that was attached at the bottom of the reactor. The range of the frequency generator was adjustable between 20-25 kHz and the maximum power of 50 W. The experiments were carried out with the stable sonication power of 1 W L -1 and the frequency of 20 kHz.
Analytical methods
Lactose and ethanol concentrations in the effluent distillate were determined according to Standard Methods (PN-67/A-86430; PN-A-79528-3:2007) . The samples were analyzed in triplicates and results were reproducible within 3% deviation.
All fermentation steps connected with different HRTs were carried out in triplicate. Significant differences between the effects obtained in the two reactors with and without ultrasound exposure were analysed using an ANOVA F-test (Statistica 7.1 software, Statsoft Inc.) A 5% probability level was applied for all the tests. If p<0.05 from an ANOVA F-test, the differences between the effects were considered to be significantly different from one another.
Results and discussion
Sonification parameters
In the experiment, the frequency of applied ultrasounds was 20 kHz and the power input was 1.0 W L -1 . The initial experiments were done to find the best irradiation period. The experiments revealed, that continuous low energy ultrasound irradiation during 12, 24 and 36 h did not enhance ethanol productivity by co-immobilized S. cerevisiae, moreover the ethanol yield coefficients were lower than those obtained in experiments without ultrasound irradiation. The subsequent experiments were carried out with time intervals with and without ultrasonic irradiation in order to obtain the positive influence of ultrasound on biological activity of S. cerevisiae. The results showed that the culture should have been sonicated for 1 min every 6 h. It was similarly to results obtained by Marques et al. (2006) . They investigated the effect of ultrasound pulses on enzymatic activity of S. cerevisiae. Their results showed that the ultrasound pulse at low frequency (20-25 kHz) for a short sonification period of 1 and 2 min increased cell permeability, and the viability rate of yeasts was over 95%. However, in the 4 min sonification, the rate decreased to 46%.
The use of ultrasounds to stimulate biological activity and ethanol production by S. cerevisiae are reported by Schläfer et al. (2000) . After testing several different frequencies and power levels, they carried out the experiments at 25 kHz, 0.3 and 12 W L -1 . At an ultrasound intensity of 12 W L -1 there was no recognizable difference in the biological activity of yeasts with and without ultrasound. The authors stated that some pauses are needed between ultrasound exposure to obtain positive effects on biological activity of yeast S. cerevisiae. Moreover, an increase in biological activity appeared after irradiation and high activity of ultrasound activated cultures stopped for some hours after irradiation. The authors stated, www.intechopen.com
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that discontinuous ultrasonic irradiation of S. cerevisiae was more beneficial for activating fermentation than the continuous exposure, because only a few steps in intracellular metabolisms are supported by ultrasound and others are not or even inhibited. Liu et al. (2007) investigated the changes of biological activity of aerobic activated sludge after ultrasonic irradiation. The activity of microorganisms rose sharply after ultrasonic exposure of 0.3 W cm 2 , 35 kHz for 10 min, and reached a peak level in 8 h after exposure (100% higher than that of the initial level immediately after exposure). Then it dropped rapidly in the next 8 h. In 24 h after ultrasonic irradiation, the enhancement effect induced by ultrasound almost disappeared, and the cells activity returned to the normal state as control cells without ultrasound stress. The authors stated that the enhancement might be due to defense response of microorganisms evoked by the mechanical stress. That reactions are usually observed when cells are challenged by biotic or abiotic stresses. Pitt & Ross (2003) used ultrasonic irradiation to increase the growth rate of bacterial cells attached to a polyethylene surface. It was found that low frequency ultrasound (70 kHz) of low intensity (<2 W cm -2 ) increased the growth rate of the cells compared to growth without ultrasonic waves. They stated that ultrasounds can increase the rate of transport of oxygen and nutrients to the cells and the rate of transport of waste products away from the cells, thus enhancing their growth. Xie et al. (2009) studied the enhancement effect of low-intensity ultrasound (35 kHz) on anaerobic sludge activity. The experiments showed, that the optimal ultrasonic intensity and irradiation period were 0.2 W cm 2 and 10 min, respectively.
To sum up, the optimal ultrasonic intensity and irradiation period are varied in each biological process enhanced by ultrasound and should be find experimentally.
Effect of HRT on ethanol fermentation
In order to estimate an optimal fermentation time under ultrasonic exposure in this study, parameters such as ethanol concentration, ethanol volumetric productivity, ethanol yield and lactose consumption were investigated.
The maximum values of ethanol concentration and lactose consumption were achieved when the HRT was 36 h. Under the HRT of 36 h in the ultrasound-assisted fermentation, the average ethanol concentration of 26.30 g L -1 , ethanol yield of 0.532 g g -1 lactose and lactose consumption of 98,9% were obtained (Fig. 9-11 ). Using S. cerevisiae without ultrasound exposure gave the results as 23,60 g L -1 , 0.511 g g -1 , 92,4%, respectively and the differences were statistically significant (p<0.05). Shortening the HRT to 24 h allowed remaining high ethanol yield of 0.520 g g -1 with sonicated S. cerevisiae, but in the control fermentation unit it was as low as 0.487 g g -1 (p<0.05). When the HRT was 12 h the ethanol yields were 0.318 and 0.365 g g -1 depending on using ultrasounds device (Fig. 11) . From the economic viewpoint, shortening the fermentation time (HRT) could reduce costs of industrial ethanol production. The study showed that there is no need to extend the HRT over 36 h or more, because most of the lactose was converted into ethanol during 24 h (95.6% in the ultrasound-assisted fermentation. Nikolić et al. (2010) stated that optimal fermentation time for free and immobilized S. cerevisiae was 38 h. Ozmihci & Kargi (2008) Moreover, the time for fermentation decreased at higher initial substrate concentration (Guimarães et al., 2008a; Nikolić et al., 2010; Ozmihci & Kargi, 2008) . According to Guimarães et al. (2008a) the fermentations with 50-150 g lactose L -1 reached completion in about the same time of 27 h but the maximum ethanol concentration increased linearly with increasing initial lactose concentration from 6.5 g ethanol L -1 with 20 g lactose L -1 to 57 g L -1 with 200 g L -1 . They also stated that increasing lactose concentration led to incomplete fermentation and impair the fermentation due to nutrient limitation.
Interestingly, the volumetric productivities of ethanol decreased at longer HRT (Table 3) . Maximum productivity of ethanol of 1.060 g L -1 h -1 was observed under the HRT of 12 h when the culture has been sonicated and 0.908 g L -1 h -1 under the HRT of 24 h in the fermentation process without ultrasound irradiation (p<0.05). The volumetric ethanol productivity in the ultrasound-assisted fermentation obtained in this work was higher than that reported for batch or fed-batch fermentations with S. cerevisiae strains: 0.3 g L -1 h -1 (Rubio-Texeira et al., 1998) , 0.46 g L -1 h -1 (Guimarães et al., 2008b) , 0.14 -0.6 g L -1 h -1 (Ramakrishnan & Hartley, 1993) , 1 g L -1 h -1 (Compagno et al., 1995) . Ozmihci & Kargi (2007) using Kluyveromyces marxianus to ferment concentrated cheese whey powder solution obtained higher volumetric ethanol productivity over 2 g L -1 h -1 , but after 120 h fermentation.
HRT
Ethanol volumetric productivity in the ultrasound-assisted fermentation system (g L -1 h -1 ) 
Effect of ultrasounds on ethanol fermentation
In all HRTs, significant higher ethanol productions in the ultrasound-assisted fermentation process than in the control fermentation process were recorded (p<0.05). When the HRT was 12 h, the ethanol concentration without ultrasonic treatment was 9.87 g L -1 and it was significant lower by 2.85 g L -1 than the production in the process stimulated with low intensity ultrasounds (p<0.05) (Fig. 9) . Lactose consumption was only 62.1%, but application of ultrasound increased it to 69.7% (p<0.05) (Fig. 10) . The best results were obtained with the longest HRT of 36 h. Ethanol concentration increased to the value of 26.30 g L -1 when the culture has been sonicated, while in the fermentation process without ultrasound irradiation was only 23.60 g L -1 (p<0.05), (Fig. 9) . Lactose consumption was as high as 98.9% in ultrasound-assisted fermentation unit and was significant higher by 6.5% than the consumption in the reactor without ultrasonic irradiation (p<0.05) (Fig. 10) . High ethanol production and lactose consumption were observed with shortening HRT to 24 h. S. cerevisiae stimulated with low intensity ultrasound produced 24.85 g ethanol L -1 , while the lactose consumption was 95.6% ( Fig. 9-10 ). In the control fermentation unit there was 21.79 g L -1 and 89.5%, respectively. The differences were statistically significant (p<0.05). Under the HRT of 36 h, in the fermentation process with ultrasound irradiation the maximum ethanol yield of 0.532 g g -1 lactose was observed, whereas using biocatalyst S. cerevisiae without ultrasound exposure gave the result as 0.511 g g -1 (Fig. 11 ) (p<0.05). Shortening the HRT to 24 h allowed remaining high ethanol yield of 0.520 g g -1 with sonicated S. cerevisiae, but in the control fermentation process it was as low as 0.487 g g -1 (p<0.05). When the HRT was 12 h the ethanol yield was only 0.365 and 0.318 g g -1 , respectively (p<0.05).
There were only few experiments investigating the enhancing ethanol production by ultrasonic stimulation of S. cerevisiae. Schläfer et al. (2000) improved biological activity of S. cerevisiae by low energy ultrasound assisted bioreactors operated at a frequency of 25 kHz and a power input of 0.3 W L -1 . The ethanol production without ultrasonic treatment varied between 3-12 g L -1 , while ultrasonic stimulation increased it to 30 g L -1 . The highest ethanol concentrations were obtained with a cycle regime of ultrasound exposure and a pause, because during continuous ultrasound irradiation no stimulation in the ethanol fermentation process was recorded. Lanchun et al. (2003) investigated the influence of low intensity ultrasound on physiological characteristic of S. cerevisiae. The results of their study showed, that ultrasounds in the frequency of 24 kHz and the power efficiency of 2 W with 1 s irradiation time every 15 s and 30 min duration cycle, stimulated the material transport and improved the cell's metabolism by changing the osmotic pressure of membrane. Consequently, transfer of substance was speeded up, enzyme synthesis was driven up and enzyme activity was enhanced.
The positive results of the ultrasound treatment on the ethanol production by coimmobilized S. cerevisiae seemed to be a combination of different processes, including activating the yeast by improving the mass transfer rate of nutrients in the liquid, enhancing the uptake of foreign substances and the release of intracellular products in cells, improving the cell growth and degassing of CO 2 (Lanchun et al. 2003; Liu et al., 2007; Liu et al. 2003b) . Stimulating enzyme activity is done by increasing in the mass transfer rate of the reagents to the active site (Liu et al., 2007) . Ultrasounds irradiation can cause thermal and mechanical stress to biological materials (Liu et al., 2003b ). High energy ultrasonic waves break the cells and denaturate enzymes (Liu et al., 2007; Pitt & Ross, 2003) . Low energy ultrasounds can produce a variety of effects on biological materials, including the inhibition or stimulation cellular metabolisms, enzyme activity, alteration of cell membranes and other cellular structures (Liu et al., 2007; Liu et al. 2003a ). According to Xie et al. (2008) , cavitation is the primary basis of biological effects of low intensity ultrasound. Cavitation bubbles produced by low intensity ultrasound can cause acoustic microstreaming (Xie et al., 2008) . The microstreaming surrounding the cells can cause shear stress and enhance the mass transfer, which may stimulate metabolic activities inside the cells (Liu et al., 2003b; Pitt & Ross, 2003; Xie et al., 2008) . When ultrasonic intensity is sufficiently low, a stable cavitation occurs and leads to the enhancement of mass transfer and fluid mixing, which produces positive effects on the rate of biological reactions in the exposure systems (Liu et al., 2007) .
The growth activity of yeast cells is hardly changed within the early period of sonication regardless of either damage to cell wall, or complete inactivation of the yeast located in the cavitation zone (Tsukamoto et al., 2004) . Short sonication time up to 5 min of irradiation indicated bactericidal effects, but the cells were able to repair the damages. According to Guerrero et al. (2005) yeasts, inclusive with S. cerevisiae, are highly resistant to ultrasound damage. Moreover, at relatively low intensity of ultrasounds, microorganisms can adapt to the irradiation exposure and their biological activity increases (Liu et al., 2007) . With relatively short irradiation period, cell damage and membrane permeability induced by ultrasounds appear to be temporary and reversible. Lanchun et al. (2003) also stated that sonication cannot influence on fermentation strength of S. cerevisiae descendants.
Conclusions
The utilization of milk permeate to ethanol in continuous fermentation by co-immobilized S. cerevisiae is possible. The optimal ultrasonic intensity and irradiation period are varied in each biological process enhanced by ultrasound and should be find experimentally. According to this experiment, stimulation of yeasts activity could be achieved in the presence of low intensity ultrasound (1 W L -1 , 20 kHz), and 1 min every 6 h irradiation period is favorable to increase ethanol production efficiency. Moreover, the short exposure of yeast to ultrasound could reduce the operation costs comparing with continuous irradiation.
For the continuously operating bioreactors, the maximum rates of sugar utilization were 98.9 and 92.4% for the yeast with ultrasound exposure and without ultrasound exposure (p<0.05), respectively. The maximum ethanol yield was 0.532 g g -1 lactose, while using S. cerevisiae without ultrasound exposure 0.511 g g -1 . The study showed that there is no need to extend the HRT over 36 h or more, because most of the lactose was converted into ethanol during 24 h (95.6% in the ultrasound-assisted fermentation).
All results obtained here raises the new perspectives for disposal UF whey permeate.
Biohydrogen and methane production in two-stage fermentation process
Hydrogen is an eco-friendly, clean energy alternative because its combustion by-product is only water, so does not contribute to the greenhouse effect. Hydrogen has a high energy yield (122 kJ g -1 ), therefore in recent times a great deal of attention is being paid to the usage www.intechopen.com of hydrogen as a fuel. However, a major doubt on hydrogen as a clean energy alternative is that most of the hydrogen gas is currently generated from fossil fuels by thermochemical processes, such as hydrocarbon reforming, coal gasification and partial oxidation of heavier hydrocarbons (Castellό et al., 2009; Mohan et al., 2007) . These methods are considered to be energy intensive and not environmental friendly. It is well known that only biological hydrogen production processes from the fermentation of renewable substrates, such as organic wastewater or other wastes are the promising alternative for hydrogen generation. Several strategies for the production of biohydrogen by fermentation in lab-scale have been found in the literature: photo-fermentation (Gadhamshetty et al., 2008) , dark-fermentation (Krupp & Widmann, 2009 ) and combined-fermentation, which refers to the two fermentations combined (Nath & Das, 2009 ). However, no strategies for industrial scale productions have been found. In order to define the industrial scale biohydrogen production, more information from laboratory scale experiments are needed, especially related to design and optimization process, and operating parameters. Moreover, generation of biohydrogen by acidogenic phase of anaerobic process (dark-fermentation) is connected with incomplete degradation of organic material into organic acids, so there is a need to utilize by-products of the fermentation process.
As a result, the fermentative hydrogen production could be coupled with subsequent anaerobic digestion step with the conversion of remaining organic content to biogas. A twostage fermentation process, in which acidogenesis and methanogenesis occur in the separate reactors may offer several advantages, such as improved total wastewater degradation and enhancing biohydrogen and methane production (Venetsaneas et al., 2009 ).
The dairy industry produces highly concentrated, carbohydrate-rich wastewaters, but their potential for biohydrogen generation has not been extensively studied. There were some experiences working with cheese whey as the substrate for biohydrogen production (Azbar et al. 2009; Castellό et al., 2009; Venetsaneas et al., 2009) . The objectives of this work were: (1) to check the ability to produce biohydrogen using raw, unsterilized UF whey permeate, (2) to combine biohydrogen dark-fermentation process with methane fermentation of biohydrogen production by-products (mainly organic acids) in two-stage continuous fermentation process.
Materials and methods
Inoculum and wastewater
Anaerobic granular sludge from a full-scale UASB reactor treated fruit juice processing wastewater in fruit juice industry, Olsztynek, Poland, was used as an inoculum for biohydrogen and methane production. Prior to inoculation of the hydrogenogenic reactor, the granular sludge was washed with three volumes of tap water and then boiled for 2 h to inactivate hydrogen consuming microorganisms. A final concentration of inoculum was 151 g TSS L -1 . No pre-treatment of the granular sludge used for methane production was carried out prior to its inoculation in methanogenic reactor. Initial concentration of inoculum for methane production was 94 g TSS L -1 . Both reactors were initially inoculated at a ratio of 20% (by volume).
UF whey permeate was obtained from a cheese production factory in Nowy Dwór Gdański, Poland. It was received from the factory once a week, was stored at -20°C and was thawed www.intechopen.com Biogas 212 before used. The average composition of the feedstock was shown in Table 2 . Prior to being fed into the reactor, the substrate was diluted with tap water to a COD concentration of 10,000 mg L -1 in accordance with the required OLR (10 or 20 g COD L -1 d -1 ) in the hydrogenogenic reactor. Diluting UF whey permeate was maintained at a temperature 4°C until used.
Hydrogen production process setup and operation
A 5 L UASB reactor with 4.5 L working volume (R1) was made of stainless steel and cylindrical in shape (Fig. 12) . The reactor was constantly stirred at 50 rpm. The pH of mixed liquid in R1 was controlled automatically with 6 M NaOH. The temperature in R1 was maintained at 37°C by inserting the reactor in the thermostatic chamber. For start-up, the reactor was filled with undiluted UF whey permeate and was operated anaerobically at a batch mode. When hydrogen production reached its peak value, the bioreactor feeding mode was turned to a continuous one at a HRT of 24 h (OLR of 10 g COD L -1 d -1 ) or at a HRT of 12 h (OLR of 20 g COD L -1 d -1 ). The R1 performance (biogas production and composition in H 2 and CH 4 , COD, Total Volatile Fatty Acids -TVFA concentration, pH) was monitored twice a week throughout the experimental period (84 days). 
Methane production process setup and operation
A 5 L UASB reactor with 4.5 L working volume (R2) was made of stainless steel and cylindrical in shape (Fig. 12) . The reactor was constantly stirred at 50 rpm. The pH of mixed liquid in R2 was controlled automatically at pH 7.2 (±0.05) with 6 M NaOH. The temperature in R2 was maintained at 37°C by inserting the reactor in the thermostatic chamber. The R2 was fed with the effluent from R1, which was collected in a 3 L container used as a storage tank which was constantly stirred at 50 rpm (Fig. 12) the tank was maintained at 37°C by placing it in the thermostatic chamber. Overflow effluent flowed out in the top part of the storage tank and was collected in a separate container. The R2 was operated at an HRT of 3 d. The R2 performance (biogas production and composition in CH 4 , COD, TVFA concentration, pH) was monitored twice a week throughout the experimental period, from day 51 to 84. Before R2 was fed with R1 effluent, the diluted UF whey permeate had been used as a feedstock to reach the OLR of 2 g COD L -1 d -1 and HRT of 3 d.
Analytical methods
Determinations of COD, TSS, lactose, TVFA concentrations were carried out according to the Standard Methods for the Examination of Water and Wastewater (PN-74/C-04578.03; PN-78/C-04541; PN-67/A-86430; PN-75/C-04616.04). The measurement of the pH was continuously measured by the membrane electrodes, model ESAgP-301W, Eurosensor, placed in the liquid phase of reactor. Biogas composition (CH 4 , H 2 and CO 2 ) was analyzed by using an electronic analyzer (Gas Data GFM 430, Gas Data Ltd.). Biogas production was measured with a water displacement meter.
Results and discussion
The hydrogenogenic reactor (R1) operation started with a HRT of 24 h, OLR of 10 g COD L -1 d -1 and pH 5.8. Under these conditions hydrogen production was as low as 0.12 (Fig. 13) . It was noticed methane presence in biogas up to 19% v/v, while hydrogen concentration was still very low (up to 10% v/v) . In order to inhibit methane production, the HRT was reduced to 12 h and OLR increased to 20 g COD L -1 d -1 on day 11. After 5 days, the HRT was increased to 24 h. Hydrogen content in biogas increased to the average value 15.7% v/v and methane was still present (<8% v/v). According to Yang et al. (2007) , HRT shorter than 24 h does not favor the biohydrogen generation from cheese whey wastewater, but other researchers stated that short HRT could help to control the methanogenic reaction in hydrogenogenic phase (Castellό et al., 2009) . Then, the HRT was again set at 12 h, OLR increased to 20 g COD L -1 d -1 and pH was decreased to 5.2 (day 24). It was seen that although the methanogenic bacteria was assumed to be washed out from the bioreactor under short HRT, the inhibition of methanogenic bacteria activity should be coupled with pH decrease. Liu et al. (2006) found that pH is the most critical factor for inhibition of methanogenesis and the optimum pH should be around 5.0 -5.5. According to the literature, the optimum pH range for lactose (or whey) acidogenesis is between 6 and 6.5 (Venetsaneas et al. 2009 ). Antonopoulou et al. (2008) reported, that high concentration of hydrogen (over 25% v/v) in the gas phase was when the pH in the reactor was maintained at 5.2 ± 0.1. Wang et al. (2006) stated, that pH of 5.5 should be avoided in the biohydrogen fermentation process because at that level of pH, the propionic-acid type fermentation commonly occurred. The accumulation of propionic acid can lead to lower efficiency of methanogenic phase followed the hydrogenogenic phase. Mohan et al. (2007) found that pH 6 was the optimum for effective H 2 yield. However, maintaining pH at 6 or above is difficult because of large amounts of fatty acids generation. At this study, the pH in the hydrogenogenic reactor was initially maintained on the level of 5.8. As the pH was reduced down to 5.2 (coupled with HRT shortening and OLR increasing), methane content in biogas faded out.
www.intechopen.com The experimental results demonstrated by Azbar et al. (2009) showed that OLR did not result in any statistically significant change in hydrogen production rate from cheese whey when anaerobic reactors were operated using a range of OLR of 21, 35, 45 g COD L -1 d -1 and a constant HRT of 24 h. Moreover, lower HRT values (e.g. 1 d) increased hydrogen production rate. Mohan et al. (2007) found, that increasing OLR lead to periodic decreasing in biohydrogen production rate from dairy wastewater. This was attributed to the adaptation of microbial inoculum to higher substrate loading rate which is parallel to this results ( Fig. 13) . High substrate loading rate shows higher availability of substrate resulting in active substrate metabolism leading to higher H 2 yield (Mohan et al., 2007) .
During the experiment, after reaching steady-state conditions (the standard deviations of monitored parameters were within 5%) on day 51, the average rate of hydrogen production was 0.97 (Fig. 13) , hydrogen content in biogas increased to 29,8% v/v and methane was present in a low concentration (<1% v/v). Yang et al. (2007) The effluent from R1 was collected in the storage tank from where it was pumped to the R2. The average pH at the outlet of R1 was 5.0 with a standard deviation of 0.3. According to the literature, optimum pH for methanogenic bacteria is between 6.0 and 7.5 (Mohan et al. 2007 ). In R2 the pH was maintained on the level of 7.2 (±0.05). The R2 was fed with the R1 effluent from 51 day of experimental period, after the R1 had reached the steady-state. The average COD concentration of the R1 effluent was 5770 mg L -1 thus the R2 reactor was operated at OLR of about 2 g COD L -1 d -1 . The majority of COD was composed of VFA (total of all acids was 5147 mg L -1 on average) generated during acidogenic fermentation step in R1. Fig. 14 shows the generation of biogas and methane produced throughout the experimental period. After the first 12 days, the reactor performance was stable and the average biogas and methane production rates were 3.0 The two-stage fermentation system showed 95% of COD removal efficiency. Biohydrogen generation was connected with COD removal, thus the substrate degradation (as COD reduction) was 42.3% on average. It showed that more TVFAs were converted to biogas in the methanogenic stage. The concentration of remaining TVFAs in the effluent of R2 was 485 mg L -1 on average.
During the study it was noticed a partial fermentation of raw UF whey permeate, although it was maintained at 4°C before used. VFA concentration increased periodically from 55 mg L -1 to 2220 mg L -1 after thawing for 20 hours. It seems that the UF whey permeate feedstock should be supplemented with NaHCO 3 to increase its alkalinity level before frozen (Castellό et al., 2009) . It allows to reduce the lactic acid concentration in the influent, because it was reported, that the conversion efficiency of lactic acid to hydrogen is much lower than that of glucose or sucrose (Guo et al. 2010) . The coexistence of LAB (lactic acid bacteria) and the hydrogen producing bacteria was investigated by Noike et al. (2002) . They found, that hydrogen fermentation was replaced by lactic acid fermentation caused by LAB present in the raw wastewater. Their inhibitory effect on hydrogen production could be explained by excretion of bacteriocins (Noike et al., 2002) .
Conclusions
Raw, unsterilized UF whey permeate could be a substrate for biohydrogen production. Exploitation of UF whey permeate as a feedstock for H 2 and biogas production is an attractive and effective way of wastewater treatment with simultaneous renewable energy producing. Several factors influenced H 2 production in continuous bioreactors, especially pH of operation, HRT and OLR. The experiment showed, that pH 5.8 in the hydrogenogenic phase was not sufficient to inhibit the activity of methanogenic bacteria. Lower HRT values (<24 h) should be apply to eliminate methanogenic bacteria. Moreover, the regulation of pH in the hydrogenogenic reactor should be coupled with the influent pH adjustment in order to avoid lactic acid production in the raw wastewater. The HRT of 12 -24 h and OLR of 10 -20 g COD L -1 d -1 were found to be sufficient for effective H 2 yield.
This study demonstrated that biohydrogen production from UF whey permeate can be efficiently coupled with methane production in a subsequent step. For hydrogen production stage in stable conditions (HRT of 12 h, OLR of 20 g COD L -1 d -1 , pH 5.2) hydrogen production rate was 0.97 L H 2 d -1 and hydrogen content in the biogas reached 29,8% v/v. In the methanogenic step, the average biogas and methane production rates were 3.0 L d -1 and 2.2 L CH 4 d -1 , respectively, while the methane content in biogas approached 71% v/v. The two-stage fermentation system reached 95% of COD removal efficiency.
The results of these investigations made the base for further studies to find the optimal operating conditions for higher biohydrogen production in UASB reactor in two-stage fermentation process with respect to determine the optimal OLR, HRT and pH parameters of the reactor giving stable long-term generation of H 2 from raw UF whey permeate.
General conclusions
Nowadays, an excessive use of fossil fuels has led to significant emissions of CO 2 in the atmosphere which is responsible for causing extensive climate changes (Soccol et al., 2010) . As a result of this with the increase in fossil fuel prices direct the efforts towards utilizing renewable energy sources. Considerable progress in searching for alternative energy sources has been made since the oil crisis of 1973. However, it must be noted that an only the renewable biomass used for energy production contributes to the reduction of negative environmental impacts, e.g. decreased GHG emissions.
Currently, commercial biofuels production, such as ethanol and biogas, relies mostly on the fermentation of cane sugar, molasses or glucose derived from corn, sugar beet, wheat or potatoes. It is not economically accepted because these biomass production for biofuels competes for the limited agricultural land needed for food and feed production. Much of the www.intechopen.com hydrogen produced in the world is obtained from natural gas, which is not environmental friendly. Therefore, a significant increase in biofuels production would be possible only if technologies are developed to convert the waste biomass.
Dairy industry, like most other food industries, generates strong wastewaters characterized by high COD concentrations representing their high organic content (Demirel et al., 2005) . W h e y i s b y -p r o d u c t o f m i l k p r o c e s s i n g a n d i s a b u n d a n t l y o b t a i n e d d u r i n g c h e e s e production. According to Najafpour et al. (2008) , worldwide cheese production generates more than 145 million tonnes of liquid whey per year. In the case of deproteination of whey for the production of a valuable human food additive, the residual whey permeate is still a waste with high COD and must be treated before disposal. Due to its lactose major component, whey permeate is a well defined and suitable substrate for anaerobic digestion (Kourkoutas et al., 2002; Najafpour et al., 2008; Venetsaneas et al., 2009; Zafar & Owais, 2006) . UF whey permeate fermentation in UASB reactors to produce biofuels (bioethanol, biogas, biohydrogen) has been successfully tested in this study.
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